Objective: To investigate the relationship between parathyroid gland weight and high-density lipoprotein (HDL) levels in patients with primary hyperparathyroidism (PHPT). Methods: In this retrospective case control study, we reviewed 329 PHPT patients aged from 20 to 85 years who had a parathyroidectomy at Robert Wood Johnson University Hospital. The patients were divided into 5 quintiles according to their parathyroid gland weight: 68 patients had a parathyroid gland weight < 0.3 g, 66 patients had a gland weight 0.3-0.45 g, 67 patients had a gland weight 0.45-0.7 g, 63 patients had a gland weight 0.7-1.25 g, and 65 patients had a gland weight ≥1.25 g. Results: Body Mass Index (BMI) trended to be higher across the quintiles of parathyroid gland weight (P = 0.003). Serum calcium and PTH levels were significantly increased across parathyroid gland quintiles (p < 0.0001). HDL levels tended to be lower across the increasing quintiles of parathyroid gland weight (P = 0.01). There was a negative relationship between log parathyroid gland weight and HDL in patients with PHPT in a simple linear regression (r = −0.160, P = 0.003). The negative association remained significant after adjustment for age and BMI (r = −0.114, P = 0.039). Furthermore, parathyroid gland weight was significantly associated with levels of triglyceride (r = 0.126, P = 0.02), but this relationship lost its significance after adjustment for age and BMI (r = 0.082, P ˃ 0.05). Conclusions: PHPT patients with heavier parathyroid glands tended to have higher BMI and lower HDL levels.
Introduction
Primary hyperparathyroidism (PHPT) has been becoming a more recognized endocrine disease with the development of multichannel chemistry screening tests. PHPT is characterized by elevated plasma calcium levels with elevated or inappropriately normal serum concentration of intact parathyroid hormone (iPTH). The most common cause of PHPT is a single parathyroid adenoma [1] , and adenoma weight is a major determinant of disease severity and clinical presentation.
Recent studies have suggested that even asymptomatic PHPT may not truly be asymptomatic and may in fact be associated with higher risk factors of cardiovascular disorders [2, 3] . Previous studies indicated that increased PTH levels were associated with a higher prevalence of metabolic syndrome and obesity [4] [5] [6] . A different study showed that metabolic syndrome was involved in the cardiovascular risk associated to PHPT [7] . A population-based study, which included 87 post-menopausal women followed for 5 years, showed that low high-density lipoprotein (HDL) occurred in mild PHPT and surgery was effective in reversing the dyslipidemia [8] , and our previous study showed that iPTH levels were negatively associated with HDL levels [9] . However, no association of PTH with HDL was found in the NHANES population [4] . The discrepancies among different studies may be due to the fluctuations of iPTH levels in PHPT patients. Since parathyroid gland weight may better reflect average levels of iPTH levels over time [10] , we therefore investigate the association of parathyroid gland weight and HDL levels in PHPT patients treated with parathyroidectomy. 
T

Subjects and methods
Patients
We reviewed the EMR records of 329 PHPT patients with single parathyroid gland adenoma or hyperplasia aged from 20 to 85-year-old who had parathyroidectomy at Robert Wood Johnson University Hospital from January 2003 to April 2016. The diagnosis of PHPT was based on standard clinical criteria: 1) confirmed hypercalcemia (calcium > 10.6 mg/dl, or ionized calcium > 5.4 mg/dL), and elevated plasma intact PTH (> 65 pg /mL); 2) 24-hour urine calcium levels > 100 mg/dL; 3) pathology confirmed parathyroid adenoma or parathyroid hyperplasia. Patients were excluded if they had multiple endocrine neoplasia, multiple gland disease or parathyroid cancer. Each patient chart was retrospectively reviewed: age, Body Mass Index (BMI = kg/m 2 .), serum calcium, albumin, iPTH, 25-hydroxyvitamin D (25(OH)D), total cholesterol, HDL, Low Density Lipoprotein (LDL), Triglyceride (TG) levels, blood urea nitrogen (BUN), and 24-hour urinary calcium excretion. The indications for parathyroidectomy included symptomatic PHPT or asymptomatic PHPT with one or more criteria (patient's serum calcium level, bone mineral density (BMD), the risk of a fragility fracture, kidney stone or a reduction in creatinine clearance) for surgery as defined by the National Institute of Health guidelines [11] . The resected parathyroid gland was weighed and recorded in grams. We divided the patients arbitrarily 5 quintiles according to their parathyroid gland weight.
Laboratory analysis and procedures
Total serum calcium (mg/dL), iPTH (pg/mL), serum creatinine, serum albumin and fasting blood glucose (mg/dL) were measured by Cobas e analyzers using standard enzymatic and colorimetric assays protocol. Serum 25(OH)D (ng/mL) levels were assessed using Cobas automated radioimmunoassay analyzers. The lipid parameter including total cholesterol, HDL-cholesterol and triglyceride were assessed via Cobas e analyzer using calorimetric and enzymatic methods. LDL-cholesterol levels were calculated mathematically using the Friedewald formula: LDL = Total cholesterol -HDL -(TG/5). 24-hour urinary calcium was performed at the local laboratories.
Statistical analysis
Data were analyzed using Minitab.MPJ 16.0 and results were express as Mean ± SD. Patient characteristics were compared by quintiles of parathyroid gland weight using one-way ANOVA and KruskalWallis one-way ANOVA for continuous variables. Correlations confidences and linear regression were used for assess relationship. Multivariate regression models were fit to analyze the relationship between parathyroid gland weight, PTH, vitamin D, and serum calcium levels with other relevant variables after adjustment for possible confounding factors including age and BMI. PTH, parathyroid gland weight and several other variables were positively skewed and therefore log transformed or categorized depending on the type of analysis conducted. Untransformed mean was conducted throughout for ease of interpretation. Two-sided P value < 0.05 was selected as the level of significance.
Results
The trends for the biochemical indices of disease severity across parathyroid gland weight quintiles in PHPT Three hundred and twenty-nine PHPT patients with single gland disease has been included in this study. The five groups were quintiles by parathyroid gland weight (Table 1 ). There was no age difference among the groups (P = 0.5). Serum calcium and iPTH were higher across the increasing quintiles of parathyroid gland weight (P trend < 0.0001, Table 1 ). HDL and 25(OH)D levels tended to be lower across the increasing quintiles of parathyroid gland weight (P trend = 0.05-0.01). BMI was trend to be higher across the quintiles of parathyroid gland weight (P trend = 0.003, Table 1 ). Total cholesterol, LDL, triglyceride, albumin and 24-hour urine calcium levels were similar across the parathyroid gland weight quintiles (P > 0.05, Table 1 ).
Parathyroid gland weight and various indices of the disease severity in PHPT patients
In a univariate regression analysis, log parathyroid gland weight was positively correlated to log iPTH, log calcium levels and 24-hour urine calcium, and adjustment for confounding factors did not change the results (P trend = 0.047 to < 0.0001, Table 2 ). The log parathyroid gland weight was negatively associated with HDL levels before (r = − 0.160, P trend = 0.003) and after adjustment for age and BMI ( r p = − 0.114, P trend = 0.039, Table 2 ). The parathyroid gland weight was negatively associated with 25(OH)D levels before and after adjustment for age and BMI (P trend ≤ 0.003). The triglyceride levels were positively associated with parathyroid gland weight (r = 0.126, P trend = 0.02, Table 2 ), but lost its significance after being adjusted for age and BMI ( r p = 0.082, P trend ˃ 0.05, Table 2 ). There was no association among log parathyroid gland weight, total cholesterol and LDLcholesterol (P > 0.05).
Discussion
We found that HDL tended to be lower as parathyroid gland weight increased and HDL was inversely related to parathyroid gland weight after adjustment for age and BMI. Our previous study showed that PTH level is negatively associated with HDL levels [9] . Jorde et al. showed that serum calcium levels were negatively associated with HDL-cholesterol in both men and in women, while its association with triglyceride was observed only in men [12] . So we suggest that the negative association of parathyroid gland weight on HDL may be through the effects of chronic elevated iPTH or calcium levels. In addition, our data demonstrated that serum calcium and PTH levels were significantly increased across the increasing quintiles of parathyroid gland weight. Our results also showed that log parathyroid gland weight was positively correlated to log iPTH and log calcium levels. Thus, our results support the concept that adenoma weight is one of the major determinations of PHPT disease severity.
In addition, parathyroid gland weight was also negatively associated with 25(OH)D levels, which is consistent with a previous report by Rao et al [13] . We suggest that the parathyroid gland weight maybe is the better reflection of average 25(OH)D and PTH levels over time, because individual 25(OH)D and PTH levels fluctuate depending on calcium and vitamin D intake, seasonal variation, vitamin D binding protein and other factors [14] .
Our data also found that there was a trend of increasing BMI across increasing parathyroid adenoma weight. Moosgaard et al. showed that BMI was positively associated with parathyroid adenoma weight [15] . One possible explanation is that obese people have a higher fat deposition in the parathyroid gland leading to a larger tumor, but a previous study showed that there was no difference in fat content of the parathyroid gland between severely obese and lean patients [16] . Our current study showed parathyroid gland weight was correlated with serum calcium and PTH levels indicating a functional relationship [17] , and obese subjects had high iPTH and monocyte chemoattractant protein-1(MCP-1) levels [5] . Furthermore, high insulin-like growth factor-1 (IGF-1) levels have been found in obese people, and Tanaka et al. have suggested that IGF-1 and IGF-2 might have a mutagenic effect on parathyroid gland growth [18, 19] .
Our results have potential clinical applications and support that parathyroidectomy should consider as the preferred treatment of PHPT if no contraindications. Surgery resection of parathyroid adenoma may not only decrease iPTH and calcium levels, increase 25(OH)D and vitamin D binding protein levels [20] , but also improve dyslipidemia [8] .
The potential limitation of the current study is that it is a retrospective study. We did not exclude patients who are receiving medications for preexisting components of metabolic syndrome. The patients hadn't been followed up after parathyroidectomy. In addition, we didn't have data on sex-based differences in gland weight and HDL.
Conclusions
PHPT patients with heavier parathyroid glands tend to have higher BMI and lower HDL levels. Further studies in a larger cohort tracking long-term outcomes after surgery are warranted to confirm our current findings and explore the underlying mechanisms.
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